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by Daniel T. Bernatowicz 
Lewis Research Center 
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SUMMARY 

A study of historical costs for solar cell 
space power systems was made by a NASA ad hoc 
study group. The study covered thirteen missions 
that represented a broad cross-section of flight 
projects over the past decade. Fully burdened 
costs in terms of 1971 dollars are presented for 
the system and the solar array. The costa cor- 
relate reasonably well with array eirea and do not 
increase in proportion to array area. The trends 
for array costs support the contention that solar 
cell and module standardization would reduce 
costs. 


INTRODUCTION 

In 1971 a study was, made of solar cell apace 
power systems for NARA-OART. The study was per- 
formed by an NASA ad hoc group consisting of the 
author; Anthony T. Diamond, NASA-HQ; John 
Goldsmith, JPL; Charles M. MacKenzie, GSFC;. Jimmy 
Miller, ^GPCj and John Toma, LeRC. The study 
group, looked at the solar power systems for 
thirteen missions that represented a broad cross- 
section of flight projects over the past decade. 
These covered a range in average output from less 
than 100 watts to 4 kw. They included body- 
mounted and oriented arrays, a variety of orbits 
and trajectories, and a variety of sponsors and 
contractors. Actual accrued costs or estimated 
costs to completion for projects in progress 
were obtained at a level considerably- more de- 
tailed than presented in this paper. The de- 
tailed costs were reconstructed by the study 
group in as consistent a manner as possible to 
allow comparisons among projects. The costs 
were broken down into recurring and non-recurring 
costs for the solar array, battery, and power 
conditioning. Costs for orientation and developr 
ment subsystems were not included.- The study 
could not be made with the thoroughness orSA'Seaiop- 
racy of an audit; often assumptions hffihetatbdy 
made about burden rates aiid StospafehuBSsofircaet®- 
to subsTOtem“0?i^® tS^pheSa#H|®?^ianiS tosd-to be 
reCtJfrlflg^SalBygiSSeB^'fc’eTh^to’s'iioais^iooBreftedsts 
f£? |H>4a«igH"9BlB|''l'hfiat$0arlagiajidsnooapiled 
• TSfeergeattsarepEesentted 
fteyT-BSi-aiiiea iafidSleg aalloveeheadiplled 

ofT&§7iea0llarBepresent 
fully burdened costs including all overhead, 

G8A, and fee in ter®ss0t,T^971 dollars. 

It has been commBES^ttiTaiscuss power system 
costs in terms of dollar- per-kw, implying that 
costs 5tir¥%laS®®be%tWi%htf)c^fe5<;usa;nP<6'hdB sjafl§m 
c'cftffeateoftS’^'W.tKf nfetisrSBr anSnaljgiiagethgfb - 

Milady 

I>®d.rwartih arns^areys- 
sSS*fifts'fflp-^°’S8iis4l?l^%bl<^®ca'tft®ie'*^pihhd 
costs correlate reasonably well with array area. 
Not surprisingly, considerable scatter remained 


in the data. Presumably the scatter was mainly 
due to factors such as differences in mission and 
schedule requirements,, management philosophy, and 
troubles encountered in the course of the project. 
Nevertheless, enough of a pattern emer^d' 'l^iJje 
able to make some general concls»Bit8^^^' 

/®"4’the course of the proje=^- 
A word or s|t^^^dnb©ni§3cj?essed. For 


the purpose§^?®aisci^s^gcg.03e:P§f 'trends. 


stralght-lfi5@^^<§?r^atlons between the Jog^i^hm 
of the cost and ijie were 

fit by 

j Bje jsSfdSa^^^SSns ^af°com- 

paj^g^ iSHd.et3^55S&s of a total cost index defined 
asjjpiaeifme^-reourring cost plus the recurriggj,ggst 
for two flight s^teys.(_ 5 jgTp)SetotaS'’^SBit^|a^ggi 3 ^ 
for The ^s-tgfeaanohfltfigSfl- X®as 

fgi^tbantase SBftf two 



)rise more slowly than the area, abbujtg^-^ji 
proportion to the SM^egg(§>fii4 a>ff%te **2%^ -t^fial 

tt?atSfrisenmeK| |o 



^^s^ziai 1^.^ aiAquIthe 
cost pe-^-ost index Is about 
tion of 3 ini - -gq ft -size it is about 

qOCfl'h^ §Jfst4fl®non-recurring cost is shown in 
fi^j;roi There is considerable scatter here, 
but a Thigh'fe^ptenijnfeiacdiraiL'bfe ats% ta e'Rtdigfit.n 
Th9.0BOBe-fecu25ifeiiig dasboaihdtibriiJjilhlaaatPereiQiere, 
otdjaraofiim^jUtajdarBndareasleuiJthaBKaK aizevidfesst . 
eatopi®,n -the ihiMBgecuaattagiooxlishOCta from aftbout 

$3r9.eM ®(f ifilgnd<Tuflfe tdicateiaafe $5 Mi®b,yl®(iQesq fbr 


example, the non-recurring cost rises from about 
$9. STteaSyat^nskmit 3t^OBoing$505tatthe)OED$ti Off,, 
one complete flight system) also rises slower 
than tfiSieaK^ye8tre®.Ita3-ec8jrrb.eigsee2$ti4tEifeguiret3.of 
Tbees1icaijghfeelffl.eglitdfaj3ts©8i)aatEen(i'iiefetehsfiha'er 
OtKapoit&B affra^eareeB'taiOQaSiqbStsteei ay^tdigunsif). 
rffifeBirBtag,i(gi!Stltaeab®i\itc$l;e2 M. aa4natva®ffli Sj^eft 
19. 5fca»tre$6df. area. At 100 sq ft the system unit 
recurring cost is about $1.2 M and at 100 sq ft 
is aSiratl^C correlations were made for the so- 
lar array costs. Figure 4 shows the total cost 
index gomithe- Sffl>ia®lsaafaysri®4BgniafithfhbotttoethE)- 
OiarpoiWHajofiositaa. PE^raoat stedextfce dhcMit. cost 
$£nSeM tfbrlffi(aesqoft.rasd-r$4r2ri3satglOQffihsqb6fct the 
ThelspiaffiracfayLimjmi-rgSMrEiJSg, cLostts; ^ffigbcS); 

$2.5 IM at 100 sq ft and $12 M at 1000 sq ft. 

The solar array non-recurring costs (fig. 5) 
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show considerable scatter. The straight line 
shown was fit to make this correlation consistent 
with the soleir array cost index and unit recur- 
ring cost. Figure 6 shows the unit recurring 
cost for the solar array. Here again the coat 
does not rise in proportion to array area. The 
unit recurring cost is about $0. 7 M at 100 sq ft 
and $4 M at 1000 sq ft. 

All these trends indicate the costa do not 
rise in proportion to the size of the system. 

This is due in part to the relatively fixed non- 
recurring costs. But the Increase in recurring 
costs is also slow. For the array this trend 
suggests that there is significant cost reduction 
due to volume of production. This cost reduction 
would depend not only on the size of the array, • 
but also on the number of arrays built. Figure 7 
shows the soleir array recurring cost per square 
foot plotted against the total area of flight 
arrays built for each project. Figure 7 shows a 
somewhat better correlation than figure 6. It 
also shows a stronger effect of area on cost re- 
duction. The cost decreases from $10,000/sq ft 
for 100 sq ft to $4500/sq ft for 1000 sq ft to 
$3000/sq ft at 3000 sq ft. Figure 7 illustrates 
the gains in productivity as a team gains ex- 
perience with repetitive operations. It strongly 
supports the opinion long-held in the solar array 
community that more standardization would reduce 
costs. Standardized cells or modules would aillow 
the costs per square foot for the smaller pro- 
grams to drop and approach the costs now possible 
only for the large programs. 

CONCLUSIONS 

This study of historical costs of solar cell 
power systems showed that cost per kw, is not a 
useful parameter to characterize the system 
costs. System and array costs correlated rea- 
sonably well with array area. However, the costs 
did not rise as fast as array size. The trend 
for the array of reduced recurring coat per 
square foot as more array area is built for a 
project strongly supports the claim that solar 
cell and module standardization would reduce 
costs. 
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NONRECURRING COST + 2 UNIT RECURRING COST 
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Fig. 1 
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Fig. 2. 
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SOLAR ARRAY TOTAL COST INDEX 
NONRECURRING COST + 2 UNIT RECURRING COST 



Fig. 4. 
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SOLAR ARRAY NON-RECURRING COST 



Fig. 5. 

SOLAR ARRAY UNIT RECURRING COST 



SOLAR ARRAY RECURRING COST PER SQUARE FOOT 




